THERE are two particular reasons at this time which make the subject of radiation hazards and protection important to radiologists. First, we have a duty to our staff, to ensure that their working conditions are safe in daily clinical practice. I am not thinking of medico-legal embarrassments but of our plain duty to provide secure proper conditions of work, and to make sure that these are effective by reason of being understood and applied intelligently.
My second reason for believing that we must interest ourselves as perhaps never before in problems of protection is the conviction that it is properly to the radiologist that society ought to look for enlightenment of present misgivings and fears resulting from the publicity given to the whole subject of artificial radio-activity, with all its related consequences. The radiologist, for many years the pioneer in applying clinically these "ionizing radiations (how much more dreadful they sound under that name) must take the lead in interpreting, in trying to "humanize" this new thing to a puzzled and harassed world. The fact that a particular quantity of radiation is detectable by the sensitive tests of modern chemical and physical agents does not necessarily mean that it is lethal, or even injurious.
Radiation hazards and injuries to the skin were the first of the injurious effects by the rays to be recognized, and have been the subject of innumerable communications ever since; Sievert (1947) tentatively suggested that the safety skin tolerance dose might be of the order of 0 -to 0 5 roentgen per day. I have been at some pains to discover the earliest clinical account of skin injury. The following appeared in the British Medical Journal six months after Roentgen's announcement of his discovery. A Dr. Stevens (April 1896) writes: " A gentleman who had been assiduously experimenting with the Roentgen rays ever since the announcement of their discovery, and who has been working chiefly with the cryptoscope, called attention to the condition of his skin. The upper and lower eyelids of both eyes, the alh nasi and the upper lip were all swollen and the seat of an erythema which was not itchy but very painful. The affection was also on the hands and wrists and on the prepuce. On the back of the hands were some raised and hard spots. There was no constitutional disturbance. This and the seat of the eruption point conclusively to irritation as the cause." The Editorial comment is: "These facts have been observed before, but their true interpretation is perhaps a little different from the conclusions arrived at by our correspondent .. . it seems probable that the observed rash is more in the nature of a sunburn."
The first of that long line of alarmists who have since added their quota of trouble to X-ray departments was probably that correspondent to Nature (? Turner, 1896) who after describing some simple fluoroscopic experiments adds ominously "the hand appears to feel a cold sensation under the rays". Patients (and staff too for that matter) have since been all too readily disposed to follow the trail blazed by this pioneer.
Hazards connected with the blood and the particular vulnerability of lymphocytes and lymphatic tissue have likewise been familiar to radiologists since the early years of the century (Heineke, 1904; Bythell and Barclay, 1912) : that some uncertainty about details, however, still tends to prevail in hematological circles, is suggested by disconcerting types of report, after this fashion (in this case for a theatre nurse):
"No gross abnormality noted in red cells or platelets. This nurse's blood shows rather low values for the red cell count and hemoglobin. There is a relative lymphocytosis, but the absolute count of lymphocytes is not abnormal. On the whole I would not regard this as a satisfactory count for a person exposed to a radium hazard, since the red cell count and the hxmoglobin levels offer little margin of safety." I quote this fairly typical specimen only to illustrate the real difficulty that can arise even when the hematologist is fully conscious of his responsibility, anxious to face up to it, and genuinely wants to be helpful.
Now red blood cells and granulocytes both originate from reticulum cells of the bone-marrow, but while the red cell has an expectation of life of about four months, the granulocyte can only look forward to some three or four days, and the lymphocyte (arising from lymph glands and lymphoid tissue generally) to not more than twenty-four hours, or even less. If therefore the blood and lymphocyte-forming tissues are exposed to radiations (particularly to doses which are going to be harmful) the effect, as expressed in the blood picture, will become manifest in "patches or "breaks" JAN. (Goodfellow, D. R., 193 Stockh., 17, 35) . 2 corresponding to the life-circle of different types of cell( Fig. 1 ). But this is to over-simplify.
Let us suppose that these exposures are fairly small (as maywell happen to persons who work in a chronic radiation risk) but are continually repeated; that doses may be small enough to injure cells while permitting subsequent (if temporary) over-production by parent tissues; while these parent tissues themselves may have different recuperative powers-it is surely obvious that the difficulties of interpreting a single haphazard blood count must be such as to deter the most imaginative haematologist. as for their sensitivity). Goodfellow's (1935, 1936) classical papers amplify Mottram's and likewise draw attention l (by way of contrast with the effects of radium) to the blood picture of healthy controls none 1, of whom had come into contact with any form of radio-active agent (Table I) . Over eight consecutive days the total white counts for the *I whole series varied between 4,700 and 8,700 cells, and the lowest count of all (4,700 cells on the third day of counting) showed by the seventh day of counting a total of 8,100 white /. cells; variations of a similar order occurred throughout this "control" group, and Mottram's figures for "normal" variations are much the same. Goodfellow pointed out that the cardinal feature of this "normal" variation was its essential lack of order or conformation to a recognizable rule or rhythm, in contrast with the "orderly and progressive changes" of a pathological tendency due to radiation. He found that the changes in the circulating blood of patients undergoing radium treatment were so constant and definite that it was possible to relate in graphical form a given quantity of therapeutic irradiation to the daily percentage lymphocyte fall (Fig. 2 )-a finding which he suggested would be valuable in estimating D 11 12 18 14 permissible doses of irradiation to patients, and which could also be applied to save a e fall related to certain amount of hematological investigation 6, Acta radiol., in patients undergoing massive dose radium treatments. A radiographer (a girl aged 22) joined the staff one April, with an apparently satisfactory blood count, which then fell consistently over the next three months, and even after eight months (during which the himatologist's reports became increasingly lyrical) was still ranging between 3,600 and 4,000 total white cells, of which rather less than 2,000 were granulocytes, though with 1,500 to 2,000 lymphocytes. She changed her occupation, and for three months after leaving, her blood count showed a steady rise, but sustained another fall during the following April and May (before her marriage), after which it rose again, until March this year, when it fell yet again-an interesting (and apparently rhythmical) variation ( Fig. 3 ). I should add that at no time did her test film show evidence of excessive exposure to radiation. Increase in circulating immature leucocytes is a finding which can have value as a signal of radiation damage, and though admittedly tedious as a routine, the graphical demonstration of a "shift to the left" of the neutrophils, as illustrated by Fig. 4 (Nordensen, 1946) may on occasion be something more than an interesting exercise in hoematology.
It is convenient when selecting candidates for training as technicians in X-ray or radium work, to fix minimum standards for the blood picture. That of the International X-ray and Radium Protection Committee (1933) was accepted for many years as a minimum total of 6,000 white cells per c.mm. ofwhich 1,200 must be lymphocytes. This was subsequently altered in the light of increasing experience (and kilovoltages) to 5,000 leucocytes and 1,500 lymphocytes per c.mm (1948) by the British X-ray and Radium Protection Committee. Turner (1953) , commenting on "the tacit assumption that below these limits the state of the blood is unsatisfactory and that any further depression of a 'leucopenia' would seriously reduce resistance to infection" compares the sickness absence of a group of workers at A.E.R.E., Harwell, who had a leucocyte range 3,700 to 7,700 per. c.mm. with a control group whose counts were in the accepted normal range of 4,500 to 13,300. The "leucopenic" group showed not only a less incidence of disease, but if they did become ill, showed a tendency for the clinical course of their illness to be shorter than did the control ("normal") group. Turner concludes that selection for employment in a radiation hazard should be the clinical assessment of general health in conjunction with the blood count, and that rejection should not invariably follow repeated total white ocell and lymphocyte counts below values hitherto considered to be the lower limits of normal.
A radiotherapist speaking on radiation hazards cannot hope to escape the question of genetic effects produced by X and gamma rays on germinal cells. Catchside (1947) has given a very usefulaccount of the experimental evidence for our purposes; it includes, of course, the basic fact that the chances of a spontaneous mutation occurring per generation in any particular gene is of the order of one in 105 or 106 and this rate is doubled by a dose of 50 r. He goes on to remark that the proportion of mutation rate to dose in a variety of organisms is remarkably constant, tending to suggest that it might be of much the same order for yet other organisms, including man; and since gene mutations follow intense local ionization at or very close to a gene (or are produced by a direct hit, if anyone wishes to insist on the target theory), the mutation rate will be lower in a mammal than in Drosophila only if the gene happens to be smaller, which is unlikely. On this basis it has been calculated that a man receiving a dose of the order of 2 r every month for two years, would double his mutation rate, in other words further changes would probably be for the worse. On the other hand, it seems unlikely that an increase in deleterious gene mutations will be noted in the immediate future, even if allowance is made for increasing use of X-rays for diagnostic purposes over the last fifty years; it has been suggested that twenty to forty generations will need to elapse before an increase of hereditary abnormalities due to this cause is likely to be observed at the present rate of radiation. Stern (1949) who also gives an excellent account of radiation genetics, chooses "arbitrarily for man, the figure 200 r as the dose which induces the same number of gene mutations as occur spontaneously", while accepting 50 r as the figure for Drosophila. He estimates that a worker receiving a dose of 0-1 r per working day would accumulate over ten years an amount of radiation capable of raising the rate of gene mutations by 150%, but that if the average daily dose were restricted to one-tenth of this maximum, the worker would receive less than 30 r over ten years, equivalent to a rise of 15 / over the natural gene mutation rate.
I can here do no more than mention Dobzhansky (1951) , Lea (1946) , and Muller (1927) whose discovery of the mutagenic effect of X-rays did so much to promote modern genetic research, but Spear (1953) warns against failure to differentiate between effects of radiations as a cause of gene mutations, and on the other hand of structural changes in chromosomes. A gene mutation may not become apparent for many generations, and indeed, if recessive, will not appear even though heritable, unless a gene with which it is paired has undergone a similar mutation. Changes in the structure of chromosomes, however, which cause mechanical difficulties at division while permitting survival of the cell (instead of causing death as more frequently happens) will produce heritable changes (in the offspring) analogous to gene mutations but often of a dominant character. Such "chromosome abnormalities" may cause damage or infertility in the first generation offspring, and in this respect are far more detrimental than induced gene mutations (which are usually recessive in character).
He reminds us further that the effects of irradiation on the zygote, shortly after fertilization, while giving results similar to those following the exposure of ova in general (retarded development or formation of abnormalities) are far more damaging than those which follow comparable exposure of either gamete; and again of what must invariably inform any treatment plan for "radiotherapeutic sterilization" in the female, namely that "after the first month (of pregnancy) the most likely injury is an effect on the central nervous system, where mitosis is particularly active at this time". Ufnfortunately this effect on the central nervous system is not always incompatible with life of the fcetus, and (when it has survived) I have met cases so tragic that I offer no apology for reminding my fellow radiotherapists of this hazard. The remedy is, of course, to ensure against any possibility of conception between the time of the diagnostic curettage, and the application of radiation to the pelvis.
Before discussing the following measurements, I wish to thank our Principal Hospital Physicist, Mr. Anson Quinton, and his staff, particularly Mr. H. Besford.
Here is a very simple investigation, carried out some years ago now in an attempt to demonstrate to-nursing staff the undesirable effects of "bunching" together patients undergoing radium treatment. 5Proceedings of the Royal Society of illedicine A typical "Florence Nightingale" ward in a general hospital is shown with beds set aside for "gyniecological radium", and test films have been exposed at points on the walls, during the whole period when treatment was going on (about five days with a quantitv of radium of the order of 50 or 70 mg. to each patient) (Fig. 5 ). The distribution of the radium risk is, as would be expected, highest in the centre beds of this "radium corner", and sinice the films are on the walls, it is permissible to multiply by a factor of at least 12 to estimate the dose-rate at the bedside (on a level, say with the patient's pelvis). In certain circumstances quite a serious hazard might be created. The experiment also illustrates the value of distance as a protection factor and also walls of good brick.
In connexion with the nursing problems, experience teaches the radiotherapist, to beware, as elsewhere, of the argument of "convenience"', and the blanidishmenits of Ward Sister or protests by Matron must be received with caution. Fig. 6 is a "block" graph to illustrate nursing conditions in an eight- bed ward (about 450 sq. ft. floor area) in which female radium patients were accommodated together "for convenience of nursing" it was urged that there would be less danger of losing radium, and that nurses would not need to pass the beds on their way to other patients. The "blocks" show percentages of test films lying in the dose ranges 0-100, 100-200 &c. up to 1,200 mr per week, and in the above conditions the average dose per nurse was 333 mr, while 17'3 % of test films recorded doses of 500 mr or over. The patients were next dispersed through a larger ward so that no two were side by side and the result is illustrated by a significant shift to the left of the "blocks"; the average dose per nurse per week is reduced to 280 mr and only 7°0 of nurses now record more than 500 mr per week.
A graph of the average dose per nurse per week against amount of radium in use in the eight-bed ward (before "dispersal" of patients) shows that up to a total of 200 mg. the relationship is approximately linear. Beyond this the curve deviates from the linear relationship in the direction of increasing dose measured. With a certain minimum number of patients, a nurse will receive a radiation dose mainly (indeed almost solely) from a particular patient whom she is attending, and what may be called the "background contribution" from other patients undergoing radium treatment is negligible. When this minimum is exceeded the "background contribution" from other patients becomes increasingly significant, and this is illustrated by the deviation of the graph from a straight line. The quantity of 200 mg. radium in use corresponds in a room of this size to 4 patients. After "dispersal" the "background contribution" is reduced and the graph becomes more linear (Fig. 7) .
We have been at pains to break down the dose recorded by radium ward nurses (a fairly consistent average at one time of the order of 300 mr per week with a maximum up to 600 mr) into some of its components, and have now little doubt of there being two main causes of high mr doses: first, backs; in a nursing training school there is a great tradition of "doing backs" frequently, to avoid the disgrace 6 50o of bedsores, and a "back round" three times a day is not at all uncommonl at our hospitals. If a particular "back" happens to be in close proximity to 60 or more mg. of radium, the nurse's mr dose will be proportional. The other fruitful source of high dosage is the evening and night immediately after the "operation list", when patients experience post-anxsthetic distress of various kinds such as cyanosis, restlessness and vomiting. Apparently it is a tradition that the nurse must hold the patient's hand at these trying times, and certainly it does seem that she is inclined to expose herself unnecessarily to radium dosage. Speed and expeditiousness in any duties near to patients are lessons of nursing on a radium unit, and it is, of course, essential that the number of nurses must invariably be "up to establishment" (with particular reference to the evenings of operating sessions)-a point of view which does not always commend itself to hospital Matrons.
Repeated handling of mass quantities of radium (e.g. for moulds and intracavitary applicators), by one or two members only, is a continual problem for radiotherapy staff, and my own department Proceedings of the Roal Sociey of Medicie 8 has tried to distribute this risk by employing two "Radium Duty Nurses" (who do no other duty in radium wards and are changed every three months), to take over certain processes which involve breaking down and re-making up radium. "Block" graphs illustrate the percentages of their test films lying in the dose limits 0-100, 100-200 &c. up to a limit of 1,500 mr per week. The average dose per week per "Radium Duty Nurse" was estimated to be 710 mr per week (with a maximum of 1,500 mr), and 63 3 % of test films recorded doses of 500 mr or over (Fig. 8 ). To reduce this, a number of applicators were made up in permanent form which eliminated dismantling of individual radium containers for cleaning and inspection. The result is illustrated by a shift to the left in the "block" graph; the average dose per "Radium Duty Nurse" per week is reduced to 560 mr, and the percentage oftest films recording 500 mr or over, becomes 45 %. The graph of average dose recorded by "Radium Duty Nurses" against the amount of radium handled, refers to the former period (before permanently made up applicators) and turns out as one might expect, to be linear (the "amount of radium handled" figure is a compromise between radium being made up and radium broken down for remounting and cleaning) ( Fig. 9) . Fig. 10 is an investigation of a one-roomed diagnostic X-ray department, performing some 400 examinations a week of miscellaneous cases. At first sight one might possibly question the safety of technical staff (some preliminary dental film tests had caused uneasiness) but a full investigation revealed that PROVIDED ACCEPTED SAFETY PRECAUTIONS WERE OBSERvED no worker need be exposed to a dose exceeding 100 mr per week-a safety factor of five. The room hias a floor space of 300 sq. ft. (i.e. accords with International Recommendations) and readings taken by means of a Phillips monitor (incorporating a GeigerMtlller counter) and a Victoreen dosimeter fitted with a specially large ionization chamber, at positions occupied by the radiographer during her day's work, all give satisfactory readings as shown in Table II . The highest doe of 1-2 mr and the next highest of I 0 mr are accounted for by lateral views of the spine (one in a "rather thick"' patient), while for the examination of the leg the radiographer stood a little nearer than usual to the end of the couch.
Danger, of course, might arise if the work in this one room were to increase so as the lead to undue rush and hurry and'ultimately to neglect of the "safety-drill" (e.g. discarding the radiographic cone), but this is inevitable in any protection system and cannot be advanced as fair criticism of existing conditions. Diagnostic radiologists are all familiar with the special hazards of fluoroscopy. Barclay in collabora-tion with Sydney Cox (1928) suggested that a "harmless" exposure figure for diagnostic radiologists would be of the order of 0-008 IJ.S.D. in thirty days. If it is permissible to estimate the value of the then U.S.D. in terms of roentgens at 500 r or less, the figure is equivalent to a dose of rather less than 0 7 r per six-day week-one of those brilliant approximations (or ought one to say "prophecies") which all who knew him will recognize as so characteristic.
Archer et al. (1952) use spun lead glass as protective material, made up into coats, aprons and curtains; one thickness is equivalent to 0 035 mm. of lead, and no heavier in appropriate "plies", than the conventional lead rubber apron of the same protective value.
Though Grimmett and Read's (1936) account of a method of dealing with the mass of radium in a beam unit is now only of historical interest, it remains an example to radiotherapists and physicists alike, for its description of meticulous and painstaking physical investigation of every single room in a large building. They describe how 5 grams of radium were conveyed "on a long handle" by nurses from a safe to the radium beam unit after the radiotherapist had set the empty beam-head in position. The time required for the transfer varied from 10 to 20 seconds, and on an average a nurse might perform this duty "not more than twelve times a day"; yet the highest total dose (measured by Sievert chambers) for one week was 0'55 r, the lowest 0-1 r and four others less than 0 3 r, a striking example of what intelligent co-operation and drill can accomplish.
In connexion with risk in operating theatre work involving radium, Table III , based on the paper by Miller and Walter (1950) , is interesting to radiotherapists. Presumably "insertions" can be performed more rapidly than an implant. However, gynxecology imposes two and a half times as great a dose on the fingers. During an implant the dose on the face is larger than during a gynecological "insertion" (it appears that the implant demands more stooping over the site of operation); while the dose at feet level is the same for both. It may be that once the larger quantity of intracavitary radium is in situ, the bulk of the pelvis acts as a better screen than do tissues of the usual implant sites.
The above doses, of course, are average values, and there are considerable variations for different operators and different types of case. For both (implant and intracavitary) the average dose on the abdomen over a whole operating session is usually less than 150 mr.
Dose recorded by theatre staff in one week (2 theatre sessions) Theatre Sister .. 150 mr Theatre Nurse .. 120 mr Theatre Orderly .. 60 mr Wilson (1945) gives a useful rule for rapid estimation of "safe" distances from any given quantity of radium. The original calculation was based on the then accepted tolerance dose of 10-5 r/sec. but Dr. Wilson, in a personal communication, has indicated that the lately accepted tolerance intensity of 4X 10-6 r/sec. exists at a distance of 1 metre from a 17-2 mg. mass of radium screened by 0 5 mm. platinum (on the basis that 1 mg.-element-hour at I 0 cm. equals 8-4 r). The corresponding "safe" distance from any other given mass of radium can then be calculated by means of the inverse square law, from the formula d (in cm.)=24-2 V/m (in mg.). This has sometimes proved useful in making estimations at a bedside (e.g. to decide whether or not a particular bed need be moved), or in connexion with temporary disposition of radio-active material in any quantity.
Nuttall (1939) has summarized very adequately the usual means by which radium workers sustain harmful effects, namely by ingestion, inhalation, handling and long-term exposure, with (at that time) appropriate emphasis on handling and general irradiation over long periods. Experiences with the New Jersey luminous dial painters (Martland, 1929) focused attention on the ingestion hazard and its sequelae including development of bone sarcoma (Martland and Humphries, 1929; and Martland, 1931) , but it was subsequently thought that this particular risk is unlikely to arise in clinical practice. The advent of radio-isotopes has again brought into prominence these two hazards (inhalation and ingestion), so that it is pertinent to remark that the number of "research projects" which involve use of isotopes is an index of the need for renewed caution and closer supervision of technical workers. Two outstanding points demand special attention: first, the effect of alpha and beta particles from a source (however small) anywhere in the body cannot be ignored, since though their range is short (that of the alpha particle is less than 1P0 mm.) yet within that range they have potentialities for ionizing several hundred times as densely as gamma rays; and second, that the half-life of some isotopes (e.g. strontium) is extremely protracted, and this is a serious matter when ingestion is in question, or if their administration to living patients is being considered. On the other hand, the large-scale use of very short-lived isotopes does not invariably appeal to the luckless individual to whom falls the task of handling and conveying the ever-increasing weights of lead containers (Mayneord, 1951) ; indeed the alternative (and not unlikely) possibility is that the same individual will ultimately solve this problem by dispensing with the greater part of the weight (and along with it most of the protection) while relying on increasing fleetness of foot to cut down his exposure.
The British X-ray and Radium Protection Committee, under the chairmanship of the late Sir Humphry Rolleston, produced in July and December 1921 the first memoranda on the subject, which later were accepted by all countries at the Second International Congress of Radiology in Stockholm (1928) as the basis of the International Committee's Recommendations. Their foresight and energy laid the foundations of the protection which is the safeguard of our work to-day. Names of that first Committee were:
Sir Humphry Rolleston (St. George's Hospital and Cambridge University)
